M
yasthenia gravis (MG) is a B cell-mediated, T celldependent autoimmune disease of the neuromuscular junction in which the nicotinic acetylcholine receptor (AChR) is the autoantigen. MG and experimental autoimmune MG (EAMG) are characterized by weakness and fatigability of voluntary muscles (1, 2) . The ␣-subunit of the AChR is predominant for T cell epitopes (3) . Thus, peptides p195-212 and p259-271, representing sequences of the human AChR ␣-subunit, were able to stimulate peripheral blood lymphocytes of patients with MG and were determined to be immunodominant T cell epitopes of SJL and BALB͞c mice, respectively (4, 5) . A dual altered peptide ligand (APL) composed of the tandemly arranged two single amino acid analogs of the above two peptides was synthesized and was shown to inhibit in vitro and in vivo MG-associated responses (6) (7) (8) (9) (10) (11) . Furthermore, the dual APL could reverse myasthenogenic manifestations in mice with experimental autoimmune MG induced by pathogenic T cell lines or by the multideterminant molecule Torpedo AChR (8, 12) . The down-regulating effects of the dual APL were associated with cytokine immunomodulation, the most significant effect being the up-regulation of TGF-␤ and down-regulation of IFN-␥ secretion (13, 14) . The dual APL was also shown to have inhibitory effects on T cell adhesion and on the secretion of matrix metalloproteinase-9 and phospholipase C-␥1 (14, 15) . The suppression activity of the dual APL could be actively transferred by splenocytes of dual APL-treated mice (13) . Furthermore, the CD4 ϩ CD25 ϩ population of regulatory cells was found to be functionally involved in the suppressive action of the dual APL. Administration of the dual APL increased the size of this T cell population in lymph node (LN) of SJL mice. Furthermore, depletion of the CD4 ϩ CD25 ϩ T cells diminished significantly the inhibitory effect observed after treatment with the dual APL (16) . The dual APL-induced CD4 ϩ CD25 ϩ cells were characterized by an increased expression of cytotoxic T-lymphocyte antigen-4 (CTLA-4), intracellular and membranal TGF-␤, and Foxp3. Furthermore, treatment with the dual APL resulted in an up-regulation in phosphorylated c-Jun N-terminal kinase. The latter was associated with elevations in Fas-and Fas-L-expressing cells and in the expression of the caspase 8 gene, ultimately leading to apoptosis (17) .
CD4 ϩ T cells constitutively expressing the IL-2 receptor ␣-chain CD25 play a central and prominent role in the maintenance of peripheral tolerance (18) . The regulatory CD4 ϩ CD25 ϩ T cells play an important role in the maintenance of immune homeostasis and self-tolerance by counteracting the development and effector functions of potentially autoreactive T cells (18) . Hence, depletion of this regulatory subset induces the spontaneous onset of various autoimmune disorders (19) . Several important molecules, such as glucocorticoid-induced tumor necrosis factor receptor, CTLA-4, TGF-␤, CD62L, CD45Rb low , Foxp3, and neuropilin, have emerged as markers of this unique T cell lineage (20) (21) (22) (23) (24) (25) (26) . These cells act by suppressing the cytokine production and proliferation of conventional CD4 ϩ CD25 Ϫ T cells as well as that of CD8 ϩ T cells. In vitro, these cells are naturally anergic, and they inhibit the proliferation of cocultured conventional CD4 ϩ CD25 Ϫ T cells in a contactdependent manner (18) .
For a better understanding of the role of the dual APLinduced CD4 ϩ CD25 ϩ in the mechanism by which it downregulates MG-associated autoimmune responses, we have established a T cell line specific for the myasthenogenic peptide p195-212. By using the homogenous and specific T cell line, we show in the present study the induction of immunosuppressive CD4 ϩ CD25 ϩ cells by the dual APL. The induced CD4 ϩ CD25 ϩ cells have the characteristic markers of T regulatory cells, namely, CTLA-4, TGF-␤, CD45Rb low , CD62L, Foxp3, and neuropilin. More importantly, the regulatory cells induced by the dual APL are capable of completely suppressing the proliferation response of the myasthenogenic peptide-specific cells of the line when the two sets of cells were cocultured. The demonstration that neutralization͞blocking of CD25 abrogates the inhibitory effect confirmed that, indeed, the suppressive effect is due to the CD25 ϩ regulatory population.
Materials and Methods
Mice and Synthetic Peptides. Female mice of the inbred strain SJL (The Jackson Laboratory) were used at the age of 8-12 weeks.
The study was approved by the Animal Care and Use Committee of The Weizmann Institute of Science. Peptide p195-212 (DT-PYLDITYHFVMQRLPL) was synthesized and characterized as described in ref. 8 . The dual APL Lys-262-Ala-207 (VIVKLIPSTSSAVDTPYLDITYHFVAQRLPL) was synthesized (97% purity) by UCB-Bioproducts (Brussels, Belgium). A peptide synthesized in the reversed order (reversed peptide) of the dual APL (LPLRQAVFHYTIDLYPTDVASSTSPIL-KVIV) was used as control (8) .
Establishment of a p195-212-Specific T Cell Line. LN cells were harvested from SJL mice 10 days after their immunization with p195-212 [10 g per mouse in complete Freund's adjuvant (Difco)]. The LN cells (n ϭ 5 ϫ 10 7 ) were cultured in 25-ml flasks in 5 ml of enriched RPMI medium 1640 supplemented with 1% normal mouse serum and 5 g͞ml p195-212. After 4 days of incubation, cells were washed and resuspended in 5 ml of enriched RPMI medium 1640 supplemented with 10% FCS and 2 ng͞ml of recombinant murine IL-2 (PeproTech, Rocky Hill, NJ). Cells were exposed to the stimulating peptide (5 g͞ml) presented on irradiated (3,000 rad) syngeneic spleen cells every 14 days (27) and were maintained between stimulations in enriched medium containing IL-2. For all of the experiments, cells of the line were harvested 7 days after antigenic stimulation.
Proliferative Responses of the T Cell Line and Stimulation and Inhibition of Cytokines. Cells (n ϭ 10 4 per well) of the line were cultured with 0.5 ϫ 10 6 irradiated (3,000 rad) syngeneic spleen cells in the presence of various concentrations of p195-212. For inhibition of proliferative response, cells were stimulated with a single dose of antigen (1 g͞ml), and various concentrations of the dual or reversed dual APL were added. In some cases, cells of the line were cocultured with various numbers of dual or reversed dual APL preincubated (24 h) cells; in certain experiments, cells were preincubated with dual APL in the presence of the neutralizing͞blocking anti-CD25 antibody or its matched isotype control at a concentration of 50 g͞ml for 24 h. Cultures were set in 200 l of enriched RPMI medium 1640 medium containing 10% FCS and incubated for 48 h, after which 0.5 Ci (1 Ci ϭ 37 GBq) of [ 3 H]thymidine (5 Ci͞mmol; Amersham Biosciences) was added. Cells were harvested, and radioactivity was counted 16 h later. For cytokine production, cells of the line (n ϭ 10 4 cells per ml) were cultured in enriched RPMI medium 1640 containing 10% FCS, with irradiated (3,000 rad) syngeneic mouse splenocytes in the presence of 1 g͞ml p195-212 with or without the dual APL or the reversed dual APL (500 g͞ml) and incubated for 24-48 h. Thereafter, supernatants were collected and analyzed for cytokine content by ELISA using the relevant standard capture and detecting antibodies (OptEIA, Pharmingen and R & D Systems).
Antibodies and Fluorescence Staining of T Cells. The following antibodies were used in the study: anti-CD4-phycoerythrin (PE) (GK1.5), anti-CD25͞IL-2 receptor-FITC (7D4), anti-CD28-FITC (37.51), anti-CD152͞CTLA-4-PE (1B8), and their matched isotype controls (Southern Biotechnology Associates); anti-CD45Rb-PE (16A), anti-CD62L-PE (MEL14), anti-CD25 (PC61), and their matched isotype controls (Pharmingen); anti-TGF-␤-PE (TB21) and its matched isotype control (IQ Products, Groningen, The Netherlands); and anti-neuropilin antibody (H-286) and its matched isotype control (Santa Cruz Biotechnology). Cells (n ϭ 5 ϫ 10 5 ) were washed with 10% FCS in PBS, incubated with the relevant antibody, washed again, and analyzed by FACS (Becton Dickinson). For intracellular staining, cells were first incubated with a fixation solution, washed, and resuspended in permeabilization solution (Serotec) in the presence of their respective antibodies.
Preparation of Cell Lysates and Western Blot Analysis. Cells (n ϭ 5 ϫ 10 6 ) were incubated in 50 l of lysis buffer, pH 7.2 (50 mM Hepes͞150 mM NaCl͞1.5 mM MgCl2͞1 mM EGTA͞1% EDTA͞1% Triton X-100͞10% glycerol͞1 mM Na-orthovanadate͞30 mM Na-pyrophosphate͞1 mM PMSF͞10 g/ml leupeptin͞10 g/ml aprotinin) for 10 min on ice. Supernatants were collected, and protein concentrations were determined by using Bradford reagent (Bio-Rad). Lysates were boiled in sample buffer, and equal amounts of proteins were separated on 10% SDS-polyacrylamide gel and transferred to nitrocellulose membrane. After blocking, the membrane was reacted with the relevant antibody and further with the secondary antibody coupled to horseradish peroxidase. Detection was carried out with enhanced chemiluminescence. Protein expression was determined by photodensitometry with National Institutes of Health IMAGE software.
Real-Time PCR. Levels of mRNA of Foxp3 were analyzed by quantitative real-time RT-PCR using LightCycler (Roche, Mannheim, Germany). Reverse transcription into complementary DNA was performed by using Molony murine leukemia virus reverse transcriptase (Promega). Real-time PCR was performed according to the manufacturer's instructions. Briefly, 20 l of reaction volume contained 3 mM MgCl 2 , LightCycler HotStart DNA SYBR Green I mix (Roche), specific primer pairs, and 5 l of cDNA. PCR cycling conditions were 10 min at 95°C followed by 45 cycles of 95°C for 15 sec, 60°C for 15 sec and 72°C for 15 sec. The following primers were used: 5Ј-taccacaatatgcgaccc-3Ј and 5Ј-ctcaaattcatctacggtcc-3Ј (Foxp3) and 5Ј-gacgttgacatccgtaaag-3Ј and 5Ј-ggccggactcatcgta-3Ј (␤-actin).
Results
The Dual APL Inhibits Proliferation of the p195-212 Myasthenogenic T Cell Line and Immunomodulates Cytokine Secretion. The established p195-212-specific T cell line was first characterized for its purity and specificity. As is shown in Fig. 1A , the generated T cell line was determined to consist of 96% CD4 ϩ cells. To determine the ability of the line to proliferate to p195-212, we tested its proliferative response to various concentrations of the peptide in the presence of irradiated splenocytes used as antigen-presenting cells. Fig. 1B depicts the dose-response proliferation profile of the line cells to p195-212. Because maximum proliferation was reproducibly observed with 1 g per well (5 g͞ml), we used this concentration for all experiments of the study. Furthermore, to determine the ability of the dual APL to inhibit the p195-212-specific proliferation of the T cell line, we stimulated cells of the line in the presence or absence of various concentrations of the dual APL or the control reversed dual APL. As can be seen in Fig. 1C , the dual APL inhibited proliferation of the line in a dose-dependent manner, with the maximum inhibition of 96% observed at a concentration of 500 g͞ml. We therefore used this concentration for further experiments to study the effects of the dual APL. It is noteworthy that the reversed dual APL, which served as control peptide, did not inhibit at all or inhibited to an insignificantly lesser extent the proliferative response of the stimulated T cells.
T helper 1 cytokines IFN-␥ and IL-2 have been shown to be involved in the pathogenesis of experimental autoimmune MG (28, 29) . To test the effect of the dual APL on the p195-212-specific T cells, cells of the line were incubated with p195-212 with or without the dual or reversed dual APL for 24 (IFN-␥, IL-2, and IL-10) or 48 (TGF-␤) h. As shown in Fig. 2 , the dual APL inhibited significantly the secretion of IFN-␥ and IL-2 in parallel to the up-regulation of TGF-␤ and IL-10. In contrast, the reversed dual APL had no effect on cytokine secretion.
The Dual APL Decreases the Expression of CD28 on the Myasthenogenic Peptide-Specific Cells of the Line and Up-Regulates Cells Expressing Regulatory Markers. CD28 is constitutively expressed on T cells as an activating costimulatory molecule. CD28 expression was determined by using FACS analysis after 24-h stimulation of the line cells with p195-212 in the presence or absence of the dual or reversed dual APL. As can be seen in Fig. 3 , addition of the dual APL resulted in a 2-fold down-regulation of CD28 expression on the line cells (p195-212, 36.49%; p195-212 plus dual APL, 17.81%). The reversed dual APL did not have any effect on CD28 expression. Because in vivo experiments indicated that treatment with dual APL up-regulated CD4 ϩ CD25 ϩ regulatory cells (16, 17) , we tested on the CD25 ϩ population of the line for various markers that have been implicated in the regulatory mechanism of the CD4 ϩ CD25 ϩ cells. Fig. 4A is an analysis of the CD45Rb high and CD45Rb low isoforms in the untreated, reversed dual APL-treated, and the dual APL-treated groups. It can be seen that the CD45Rb high ͞CD45Rb low population ratio observed for the untreated and control peptidetreated groups is almost completely reversed in the dual APLtreated cells, with the percentages of the CD45Rb low being 9.1% and 3.51% for the untreated and reversed dual APL-treated groups, respectively, in contrast with 45.81% seen in the dual APL-treated cells. Alternatively, the CD45Rb high percentages were determined to be 82.59%, 94.51%, and 42.33% for untreated, reverse dual APL-treated, and dual APL-treated groups, respectively. It is worth mentioning that when the cells of the line were incubated with only the dual APL, the CD45Rb low expression was 8.82%, similar to the expression levels of untreated cells of the line, which suggests that the dual APL acts mainly on the p195-212-activated cells.
Because CD45Rb low is known to up-regulate the expression of the inhibitory costimulatory molecule CTLA-4 and, furthermore, because CTLA-4 has been reported to be expressed on naturally occurring regulatory CD4 ϩ CD25 ϩ cells (30), we looked for the effect of the dual APL on CTLA-4 expression. Fig. 4B demonstrates an up-regulation in CTLA-4 expression from 25.7% determined for the p195-212 stimulated, untreated T cell population to 43.9% observed after the addition of the dual APL. Because CTLA-4-mediated T cell suppression is linked to TGF-␤ and because we showed that TGF-␤ is upregulated by the dual APL, we wanted to see its status in the CD25 ϩ cells. To this end, cells were stimulated for 24 h with p195-212 in the absence or presence of the dual APL and then intracellularly stained for TGF-␤. A marked elevation of 51.15% of TGF-␤ was observed in the CD25 ϩ regulatory population induced by the dual APL as compared with 14.17% and 14.41%, respectively, in the untreated and the reversed dual APL-treated cells (Fig. 4C) . Next, the cells were stained for expression of CD62L reported to be down-regulated from cell surface upon cell activation (24) . The dual APL caused a nearly 2-fold up-regulation (Fig. 4D) To further confirm that the up-regulated population is indeed CD4
ϩ CD25 ϩ , we tested the expression of Foxp3, a transcription repressor protein molecule that is exclusively confined to CD4 ϩ CD25 ϩ cells (21, 22) . Results shown in Fig. 5A represent mRNA expression levels of Foxp3 normalized to ␤-actin and presented as the percentage of the levels in the p195-212-stimulated cells (accounted as 100%). The figure demonstrates an elevation of Ϸ6-fold in Foxp3 expression in the dual APLtreated cells when compared with those treated with reversed dual APL or to cells stimulated with p195-212 alone. Because another gene coding for neuropilin was reported to be coexpressed with Foxp3 and has also been implicated in in vitro suppressor function (26), we determined its expression as well. Thus, cell lysates were subjected to Western blot and analyzed with National Institutes of Health IMAGE software. Fig. 5B shows the levels of neuropilin that have been normalized to ␤-actin. In parallel to Foxp3, neuropilin is also up-regulated in the dual APL-treated population of cells. ϩ subset of cells, we used anti-mouse CD25 to block͞neutralize the IL-2␣ receptor CD25. To this end, stimulation and treatment of the line cells with the dual APL was carried out in the presence of anti-CD25 or its matched isotype control. Fig. 6B shows that the inhibitory capacity of the dual APL-induced T cells was significantly abrogated upon treatment with anti-CD25. Fig 6 also shows that the control isotype did not affect the inhibitory capacity of the dual APL-treated cells. These results support the notion that the dual APL has conferred suppressive properties to the p195-212-specific T cells by converting them to CD4 ϩ CD25 ϩ immunoregulatory cells.
Discussion
The main findings of the present study are that the dual APL induced the generation of CD4 ϩ CD25 ϩ cells in a T cell line specific for the myasthenogenic peptide p195-212. The CD4 ϩ CD25 ϩ cells expressed elevated levels of characteristic regulatory markers, such as CD45Rb low , CTLA-4, TGF-␤, CD62L, Foxp3 gene, and neuropilin. Furthermore, cells of the line that were treated with the dual APL inhibited the proliferation of p195-212-specific T cells when the two sets of cells were cocultured. The demonstration that the suppression was abrogated by anti-CD25 neutralizing͞blocking antibodies confirmed that the dual APL-induced cells are indeed immunoregulatory CD4 ϩ CD25 ϩ cells. The dual APL down-regulated the production of the T helper 1-type cytokines (IL-2 and IFN-␥) triggered by the myasthenogenic peptide and up-regulated IL-10 and the immunosuppressive TGF-␤. This shift in cytokine pattern caused by the dual APL was earlier observed in in vivo studies as well, which used SJL (13) and BALB͞c (14) mice immunized with p195-212 and p259-271, respectively demonstrating that the active suppression exerted by the dual APL is mediated partially by the modulated cytokine secretions.
Incubation of the p195-212-specific T cell line with the dual APL resulted in up-regulated expression of regulatory markers. One of the most pronounced effects of the dual APL was the shift of the CD45 high isoform to the low-density cells (CD45Rb low ). CD45Rb low has been credited with being a specific marker of the CD4 ϩ CD25 ϩ cells, a potent immunomodulatory target, and a causative molecule for the enhancement of intracellular CTLA-4 (30). The specific immunomodulatory properties of CD34Rb low are mediated by IL-10 and TGF-␤ (31, 32). Although the lower form is implicated in the regulatory mechanism of CD4 ϩ CD25 ϩ regulatory cells, CD45Rb high is typically present on activated cells (33, 34) . Thus, a significant number of the activated cells have been converted to CD45Rb low regulatory cells by the action of the dual APL. Because the dual APL has immensely up-regulated CD45Rb low , which was reported to mediate its suppressive activity by means of IL-10 and TGF-␤ (31, 32) , it is likely that the in vitro suppression by the dual APL is at least partially cytokine-dependent. Most in vitro studies of murine and human CD25 ϩ T cells support a cytokineindependent mechanism of suppression, but in some cases IL-10, IL-4, and TGF-␤ have been implicated in mediating in vitro suppression (18) .
The dual APL down-regulates the expression of CD28 and, thus, reduces the costimulatory signal required for promoting IL-2 formation and, hence, cell expansion (35) . CTLA-4, which shares the same ligand (B7) as that of CD28, was shown to be up-regulated by the dual APL. Given its higher affinity for B7, CTLA-4 might out-compete CD28 when B7 expression is limiting, resulting in decreased CD28 signaling (35) . CTLA-4 acts as an inhibitory costimulating molecule, which, by cross-linking, enhances production of the inhibitory cytokine TGF-␤ by activated cells (25) . Up-regulation of CTLA-4 has been linked to CD45 through the calcineurin-mediated signaling pathway (30) . Fecteau et al. (30) associated their 2-fold increase in the number of CTLA-4-expressing CD4 ϩ cells with an increase in CD45Rb low expression and suggested that CD45Rb low isoforms act through CTLA-4 up-regulation. Read et al. (34) showed in their studies on autoimmune colitis that CTLA-4 is expressed constitutively on CD4 ϩ CD25 ϩ CD45Rb low cells. Although CTLA-4 is constitutively expressed at a high level on T regulatory cells, it is also highly expressed on recently activated CD4 ϩ cells. Nevertheless, it is rapidly down-regulated on activated CD4 ϩ cells, whereas its expression is stronger and lasts longer on regulatory T cells (35) . Thus, in the present study, it is likely that the relatively high levels of CTLA-4 (25.72%) expressed by cells of the line (untreated with the dual APL) are due to recent (24 h) activation with p195-212.
The dual APL caused the up-regulation of yet another recently defined regulatory molecule, CD62L. CD62L is a selectin adhesion molecule whose expression crucially determines the LN homing capacity of cells, including CD4 ϩ CD25 ϩ cells, thus enabling them to mediate their suppressive activity in a sitespecific manner (36) . CD62L ϩ regulatory T cells were reported to play a unique role in the control of autoimmune diabetes (36, 24) . Unlike other leukocyte adhesion proteins, CD62L is rapidly down-regulated from the cell surface upon T cell activation, whereas it is highly expressed on the surface of 50-60% of the CD4 ϩ CD25 ϩ cells (24) . Although the exact mechanism by which the CD62L ϩ subset of cells exert their suppressive activity is still ill-defined, reports link them to increased production of TGF-␤ (36).
Foxp3 gene, which is significantly up-regulated (6-fold) by the dual APL, encodes a transcription repressor protein. Foxp3 gene is predominantly restricted to the CD4 ϩ CD25 ϩ population in the thymus and periphery, and reports have linked it to the development and function of this T cell subset (21, 22) . Furthermore, in contrast with other molecular markers of the CD4 ϩ CD25 ϩ cells, such as CTLA-4, CD25, and glucocorticoid-induced tumor necrosis factor receptor, Foxp3 is not up-regulated in activated T cells (22) and is therefore considered the best marker for these cells. More importantly, Foxp3 has been correlated with regulatory activity in many autoimmune diseases, including MG (37) , where decreased levels of Foxp3 gene expression in MG patients have been reported. It is worth noting that another set of regulatory cells, namely the Tr1 population, do not express Foxp3 (38), although they have some similar properties to the CD4 ϩ CD25 ϩ cells, which supports the notion that the regulatory cell subset induced by the dual A PL may indeed be CD4 ϩ CD25 ϩ . Neuropilin, a neurological protein that has been recently reported to be coexpressed with foxp3 and significantly downregulated after T cell activation (26) was also up-regulated by the dual APL. Neuropilin has been identified as a potentially useful and specific marker on CD4 ϩ CD25 ϩ (26). However, unlike foxp3, there have been no reports linking neuropilin to regulatory activity in autoimmune diseases.
In many autoimmune and inflammatory conditions, it has been shown that suppression of T cell proliferation is an exclusive property of CD4 ϩ CD25 ϩ cells (39) . Indeed, the dual APLinduced CD25 ϩ cells completely and efficiently suppressed the proliferation of the myasthenogenic peptide-specific cells of the line. More importantly, the abrogation of suppression demonstrated by blocking͞neutralizing the IL-2␣ receptor CD25 indicate that the regulatory cells induced by the dual APL are enriched within the same phenotypic subset of CD4 ϩ CD25 ϩ . It is noteworthy that only the dual APL was capable of inducing the CD4 ϩ CD25 ϩ regulatory cells, because the control reversed dual APL did not change the levels of these cells when compared with untreated cells of the line. Furthermore, the dual APL-treated splenocytes were shown to efficiently inhibit the proliferative responses of mice immunized with p195-212. However, the splenocytes did not inhibit the proliferative responses of LN cells of mice immunized with another antigen (E.M., unpublished data), namely, the monoclonal anti-DNA antibody that expresses the 16͞6 Id and is capable of inducing systemic lupus erythematosus (40) . The latter results suggests that the dual APL-induced CD4 ϩ CD25 ϩ cells are specific in their mechanism of action.
Based on the accumulating reported data and on the results presented in this study, it may be proposed that treatment of the myasthenogenic peptide-specific T cells with the dual APL polarizes the T cells toward a CD4 ϩ CD25 ϩ regulatory phenotype, characterized by the expression of CD45Rb low , CTLA-4, TGF-␤, Foxp3, and neuropilin, to secure immunotolerance. The dual APL acts by initially converting the CD45Rb high (on the activated cells) to the lower isoform, which mediates its suppressive activity either via IL-10 or by raising intracellular CTLA-4 expression. CTLA-4 further causes elevation of the immunosuppressive cytokine TGF-␤. Most importantly, by using a specific and homologous population of cells, we show that the immunosuppressive CD4
ϩ CD25 ϩ cells are indeed induced by the dual APL and are not part of the naturally occurring regulatory cells. MG is a prototypical T cell-dependent autoimmune disease for which a functional defect and a decrease in the number of circulating CD4 ϩ CD25 ϩ have been reported (37) . The induction of regulatory T cells is therefore a major goal in the treatment of autoimmune conditions, like MG, especially when it is specific, as opposed to the current use of nonspecific drugs. The regulatory population of cells induced by the dual APL is similar in cell surface phenotypes to the naturally occurring CD25 ϩ T regulatory cells. Thus, the ability of the dual APL to suppress myasthenogenic T cell responses through the induction of CD4 ϩ CD25 ϩ cells further suggests its significant therapeutic potential.
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